Abstract Objective: To provide an understanding of the incidence of anaplastic thyroid cancer within the United States. Methods: Patients in the Surveillance, Epidemiology, and End Results (SEER) database were included from 1973 to 2014 based on a diagnosis of anaplastic thyroid cancer using ICD O-3 codes. Patients were categorized into cohorts based on their year of diagnosis. Results: 1527 patients were diagnosed with anaplastic thyroid cancer within the SEER 18 registries. The age-adjusted incidence rate was 0.2 per 1,000,000 people (95% CI: 0.0e0.5) in 1973 and was 1.2 per 1,000,000 people (95% CI: 0.8e1.6) in 2014 (average annual percent change: 3.0% [95% CI: 2.2%e3.7%]). Patients tended to be of older age (mean age: 70.5 [range 15.0 e102.0]), of female sex (62.8%), and Caucasian (81.1%). Finally, survival over time remained the same, as median disease specific survival months was 4.00 (95% CI: 2.26e5.74) from 1995 to 1999 and 4.00 (95% CI: 3.26e4.74) from 2010 to 2014. Conclusions: The incidence rate of anaplastic thyroid cancer has increased from 1973 to 2014. Interestingly, median survival in months did not greatly change overtime. Based on this increasing incidence, physicians must act appropriately to identify patients with anaplastic thyroid cancer as it possesses a high morbidity and mortality.
Introduction
Thyroid cancer has steadily increased in incidence over the past several decades. In 2000, the overall incidence of thyroid cancer was roughly 8.0 per 100,000 individuals. 1 In 2015, the overall incidence of thyroid cancer was 15.04 per 100,000 individuals according to the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) database. 2 Although overall thyroid cancer incidence is increasing, this increase is mostly due to a greater frequency of papillary thyroid cancer. Currently, it is unclear whether the incidence of anaplastic thyroid cancer is increasing or decreasing. Studies in the past have examined the incidence of different thyroid cancers over time. For example, Dijkstra et al 3 noted that anaplastic thyroid cancer had not increased in incidence over time when examining patient data from an Irish population. Additionally, Pathak et al 4 noted in a database study of patients in the Manitoba Cancer Registry that the incidence of anaplastic thyroid cancer was low in each decade and declined by over 40% from the 1991e2000 decade to the 2001e2010 decade. However, these studies are small institution/regional studies outside of the United States. Little data remains on the trends in incidence of anaplastic thyroid cancer within the United States. Further evaluation of the incidence of anaplastic thyroid cancer cases within the United States will provide physicians with an up to date review of the incidence rate of this disease.
Materials and methods
Data was obtained using the National Cancer Institute's SEER database. Patients from the SEER database were included from 1973 to 2014. The SEER 18 Registry Research Data (released April 2017, based on the November 2016 submission) was utilized. Age-adjusted incidence rates were calculated using the "Incidence-SEER 9 Registry Research Data" (released April 2017, based on the November 2016 submission) from 1973 to 2014. This study was exempted from review by the Office of Research Integrity of the Medical University of South Carolina. Patients were included based on a diagnosis of anaplastic thyroid cancer using the ICD O-3 codes of C73.9: thyroid primary site and 8021/3: Carcinoma, anaplastic, NOS. Patients were grouped into cohorts according to their year of diagnosis.
All data analyses were performed with SPSS 24.0 (IBM Corporation, Armonk, NY), SigmaPlot 12.5 (Systat Software, San Jose, CA), and MedCalc software 16.8 (MedCalc Software bvba, Ostend, Belgium). All continuous variables were tested for normal distribution as determined by the KolmogoroveSmirnov test.
Categorical variables were summarized by frequency, percentage, and/or range. Continuous variables were summarized by mean (SD) or median (interquartile range) where appropriate. Comparisons of categorical variables were performed using a Chi-Square test. For continuous variables, comparisons among groups were made with a One-Way ANOVA or KruskaleWallis test where appropriate. Survival was calculated using the KaplaneMeier estimate expressed as 5-year disease-specific survival (DSS) rates and median DSS months (95% confidence intervals). Survival rates were compared using the Log-Rank test. The average annual percentage change (AAPC) in incidence for anaplastic thyroid cancer cases in this study from 1973 to 2014 was calculated using the Joinpoint Trend Analysis Software (version 4.5). 5 A P value of <0.05 was considered to indicate a statistically significant difference for all statistical tests.
Results
From 1973 to 2014, 1527 patients were diagnosed with anaplastic thyroid cancer within the SEER 18 registries. Of the 1527 patients, 959 were female and 568 were male. Caucasian race was noted in 1238 cases (81.1%). Additionally, there were 162 cases involving patients of Asian or Pacific Islander race. Furthermore, African American race was noted in 114 cases. Finally, a large majority of the patients were diagnosed with anaplastic thyroid cancer at or above the age of 50 with a mean age of 70.5 (Range 15.0e102.0).
Incidence
The number of cases in each year of diagnosis category was charted over time as shown in Table 1 . Fig. 1 shows the ageadjusted incidence rate per 1,000,000 people (based on 2000 US Standard Population data) of anaplastic thyroid cancer in the United States. The age-adjusted incidence rate of anaplastic thyroid cancer in 1973 was 0.2 per 1,000,000 (95% CI: 0.0e0.5) people. In comparison, the ageadjusted incidence rate in 2014 was 1.2 per 1,000,000 people (95% CI: 0.8e1.6) (Fig. 1) . The average annual percentage change for anaplastic thyroid cancer cases from 1973 to 2014 in this study was 3.0% (95% CI: 2.2%e3.7%). Table 2 describes the type of surgical procedures performed for patients diagnosed with anaplastic thyroid cancer in this study. 725 (47.5%) patients did not have any surgery noted during their cancer course, 94 (6.2%) underwent subtotal (ST) or near total (NT) thyroidectomy, and 300 (19.6%) patients underwent total thyroidectomy (TT). The percent of ST/NT thyroidectomies remained stable from 1995 to 1999 to 2010e2014: 5.8% and 6.6% respectively. The percent of TT remained stable from 1995 to 1999 to 2010e2014: 22.7% and 22.3% respectively. The percent of patients receiving no surgical management increased from 1995 to 1999, where it was 37.6% to 2000e2004, where it was 55.5% (P < 0.001) ( Table 2 ).
Type of surgical procedure

Survival
As shown in Table 3 , the median months of DSS for patients diagnosed from 1995 to 1999 was 4.00 (95% CI: 2.26e5.74). The median months of DSS was 4.00 (95% CI: 3.26e4.74) for patients diagnosed between 2010 and 2014 (Table 3) . For patients who received no surgical management, the median months of DSS was 2.00 (95% CI: 1.65e2.35) compared to 6.00 (95% CI: 3.91e8.09) for ST/NT patients and 10.00 (95% CI: 7.70e12.30) for TT patients (P < 0.001). Fig. 2 compares the survival rates of patients who received no surgery, ST/ NT, or TT. Finally, Fig. 3 demonstrates the DSS rate of all patients in this study diagnosed with anaplastic thyroid cancer regardless of the year of diagnosis.
Discussion
Anaplastic thyroid cancer continues to increase in incidence based on the results of this study. This result aligns with the documented increase in total number of thyroid cancer cases within the United States. 6 The continued increase in the number of cases found in this study could be explained by the fact that the SEER database is continuously expanding, 7 and the population in the United States in increasing. Furthermore, the increase in the number of anaplastic thyroid cancer cases could be due to improved diagnostic guidelines for healthcare providers. In 2012, the American Thyroid Association released comprehensive guidelines for patients diagnosed with anaplastic thyroid cancer. 8 Corresponding with the increased number of anaplastic thyroid cases seen over time, the age-adjusted incidence rate per 1,000,000 people (based on 2000 US Standard Population data) of anaplastic thyroid cancer in the United States demonstrated an increasing trend from 1973 to 2014 (average annual percentage change: 3.0% [95% CI: 2.2%e3.7%]) (Fig. 1) . While the age-adjusted incidence rates may be increasing, the rate of anaplastic thyroid cancer still remains very low within the United States.
Female individuals continue to experience higher rates of anaplastic thyroid cancer compared to male patients. In each decade examined, the number of female cases was higher than the number of male cases within this study. Davies and Welch 9 noted in 2014 a similar higher incidence rate amongst female patients as they noted a 4-timesgreater absolute increase in total thyroid cancer cases amongst women as compared to men. However, interestingly, 37.2% of the cases noted in this study were identified in male patients. This number demonstrates that anaplastic thyroid cancer may not be as selective toward the female sex as compared to other thyroid cancer types. No significant changes in racial demographics were appreciated in this study. Patients of Caucasian race continue to experience the highest percentage of anaplastic thyroid cases with roughly 80% of the total cases noted in the SEER registry. Similarly, a meta-analysis by Ma et al 10 noted an increased risk of thyroid cancer in Caucasian individuals. Furthermore, in this study, anaplastic thyroid cancer appears to be most commonly diagnosed in the older population based on the mean age at diagnosis. This result aligns with a prospective cohort study by Kwong et al 11 which noted older patients had a higher risk of anaplastic thyroid cancer as compared to younger individuals.
Regarding surgical management, 25.8% of patients in this study underwent a ST, NT, or TT. The percentages of both ST/NT thyroidectomies and TT remained stable over time. Per the 2015 National Comprehensive Cancer Network (NCCN) guidelines, patients with resectable disease should undergo a total thyroidectomy. 12 Additionally, the percentage of patients who did not receive any surgical care increased from the 1995e1999 cohort (37.6%) to the 2000e2004 cohort (55.5%). Thereafter, in each subsequent cohort, greater than 50% of anaplastic thyroid cancer patients did not receive any surgical management. Our findings concur with current literature as most anaplastic thyroid cancers present as unresectable or metastatic cancers and thus surgical intervention may not be warranted. 12, 13 Anaplastic thyroid cancer has been known to be an aggressive type of thyroid cancer with a low survival rate. 14 A retrospective study by Nachalon et al 13 noted a median survival of 6 months (95% CI: 2.1e9.8) of 26 patients with anaplastic thyroid cancer from 2008 to 2013. In this study, the median months of DSS was 4.00 (95% CI: 3.26e4.74) for patients diagnosed from 2010 to 2014. Of note, median months of DSS and DSS rates for patients who underwent a TT were greater than those who underwent a ST/NT thyroidectomy or those who did not receive any surgical management. The increase in survival for TT patients is likely due to the presence of resectable disease. 12 Conversely, patients who did not receive any surgical management likely presented with more advanced disease. 13 These results along with the DSS curve of all patients in this study shown in Fig. 3 demonstrate the consistent low number of survival months for patients diagnosed with anaplastic thyroid cancer regardless of surgical management.
Although several results have been discussed, there are limitations that are to be noted within this study. First, the increasing anaplastic thyroid cancer incidence rate noted in this study could be attributed to advancements in diagnostic modalities. However, information regarding the use of diagnostic modalities is not available within the SEER database and thus this variable could not be examined. Additionally, although multimodality treatment regimens are often used for patients with anaplastic thyroid cancer, 12 information regarding radiation and chemotherapy is categorized in the SEER database as "yes" and "none/unknown".
15 Given this categorization, radiation and chemotherapy data were not evaluated as potential changes in treatment regimens were likely to be affected by patients with an unknown status. Finally, to review age-adjusted incidence rates spanning from 1973 to 2014, the "Incidence-SEER 9 Registry Research Data" was used. Despite these limitations, the SEER database was selected for use in this study as it is a national database that provides a large volume of data even on rare cancers such as anaplastic thyroid cancer. In relation to this study, a single or multiinstitutional study may not provide a reasonable number of anaplastic thyroid cancer cases for data analysis. To our knowledge, McIver et al 16 2001 50-year cohort of 134 patients and Mohebati et al 17 2014 study of 83 patients were two of the largest institutional studies related to anaplastic thyroid cancer in the United States. This study provides data on 1527 cases of anaplastic thyroid cancer and will provide a large-population analysis of cases within the United States. The SEER database also provides the ability to examine patient demographics, cancer staging, and treatment trends. Data obtained from databases such as the SEER registry minimizes regional factors that may alter overall cancer prevalence or characteristics at a national level. 
Conclusion
Our study shows that the incidence rate of anaplastic thyroid cancer is increasing in the United States. However, the overall incidence of anaplastic thyroid cancer still remains low. Most patients continue to not undergo surgical management. While the increase in thyroid cancer is well documented, the specific cause for the increase in thyroid cancer remains to be determined. Studies have hypothesized the increased incidence of thyroid cancer can be attributed to increased access to healthcare and screening modalities. 18, 19 This hypothesis most likely relates to patients diagnosed with papillary thyroid cancer, as patients with anaplastic thyroid cancer present late in their disease course and thus a true rise in the incidence of this cancer may be occurring. Further studies must be performed to evaluate the specific risk and causative factors for anaplastic thyroid cancer. Regardless of the cause, anaplastic thyroid cancer continues to increase in incidence. Physicians must act appropriately to identify patients with this disease as it possesses a high morbidity and mortality.
